Introduction
Engineered nanoparticles are extensively used in the industrial sector. Chromium oxide nanoparticles (Cr 2 O 3 NPs) are used in pigments, thermal protection coating, and sensing of humidity. 1, 2 It has been reported that interaction of nanoparticles with biological molecules depends on their shape and size. 3, 4 To use nanoparticles for therapeutic applications, it is important to assess their toxicity in cancer cells and normal cells. Nanoparticles can induce effects that are harmful to human health, specifically depending on the particle size. 5 Warheit et al 6 and Oberdorster et al 7 reported that oxidative stress and inflammation occur in animals upon inhalation of nanoparticles. The toxic effects of Cr 2 O 3 NPs (eg, DNA damage) are of specific concern because alterations in genetic materials have the potential to cause cell death, cancer, and adverse reproductive effects. The comet assay is a widely accepted technique used to determine the genotoxicity of xenobiotic compounds in living organisms and to determine the toxic potential of different doses of carcinogens or genotoxic materials in animals. 8 In vitro examinations have validated the physiological response to nanoparticles in animals and furnished results demonstrating increased oxidative stress in nanoparticle-treated cell lines. 9, 10 The present study was conducted to assess the toxicity of Cr 2 O 3 NPs in murine fibrosarcoma (L929) cells. We measured levels of reactive oxygen species (ROS), superoxide dismutase (SOD), glutathione (GSH), and malondialdehyde (MDA) in L929 cells in response to Cr 2 O 3 NPs. DNA damage effects were evaluated using the comet assay. 
Materials and methods chemicals and reagents

MTT assay
Viability of L929 cells was assessed after treatment of Cr 2 O 3 NP by MTT assay. 11 Cell viability was calculated using the following formula: 
NrU assay
Viability of L929 cells after treatment of Cr 2 O 3 NP for 12 and 24 hours was assessed by neutral red uptake (NRU) assay. 12 
Measurement of rOs generation
Generation of ROS was measured in L929 cells after exposure of Cr 2 O 3 NPs for 12 and 24 hours using DCFH-DA dye. 13 
Measurement of oxidative biomarkers
L929 cells (~6×10 6 ) were grown in a flask (75 cm 2 ) and administered Cr 2 O 3 NPs (0, 10, 50, and 100 μg/mL) for 12 and 24 hours. Exposed L929 cells were collected and washed with chilled phosphate-buffered saline. The collected cells were lysed with a lysing solution. The cells and the lysing solution were cryocentrifuged at 10 4 × g for 10 minutes at 4°C, following which they were placed on ice for oxidative stress. Protein content in cell lysate was determined by using Lowry et al's method. 14 Lipid peroxide (LPO) was evaluated by estimating the production of MDA. 15 SOD level was measured according to Alarifi et al's method. 16 GSH level was evaluated by using Elman's methods. 17 condensation of chromosome and caspase-3 activity
We observed condensed chromosome in L929 cells by using Hoechst 33342 (Thermo Fisher Scientific) staining after exposure to Cr 2 O 3 NPs for 12 and 24 hours. Images of condensed chromosome were captured by fluorescence microscopy (Nikon, Tokyo, Japan). Caspase-3 enzyme was quantified by using Alarifi and Ali's method. 18 comet assay DNA damage was assessed by comet technique according to Ali et al 12 method.
Data analysis
The data was presented as average ± standard error (SE). Data were analyzed by one-way analysis of variance (ANOVA), followed by the Dunnett's test. Statistical significance was denoted as P,0.05.
Results
size of cr 2 O 3 NPs
The size of the Cr 2 O 3 NPs used in this work was determined using HRTEM. Most of the nanoparticles were spherical, but some of them were polygonal. The mean diameter of the Cr 2 O 3 NPs was 36.8 nm. Table 1 shows the hydrodynamic diameter and zeta potential of the Cr 2 O 3 NPs in DMEM.
Morphological alteration of l929 cells Figure 1 shows the shape and size of untreated L929 cells ( Figure 1A ) and cells exposed to Cr 2 O 3 NPs for 24 hours ( Figure 1B ). L929 cells became spherical and separated from the surface of the culture plates after exposure to 100 μg/mL of Cr 2 O 3 NPs ( Figure 1B ). 
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caspase-3 activity and condensation of chromosome
Chromosome lesions were observed in L929 cells after treatment with Cr 2 O 3 NPs ( Figure 5A and B). On treatment with Cr 2 O 3 NPs, the level of caspase-3 raised ( Figure 5C ).
DNa damage
Damage of DNA was determined in tail DNA (%) ( Figure 6A ) and Olive tail moment ( Figure 6B ) in untreated and Cr 2 O 3 NP-treated L929 cells. L929 cells exhibited more DNA damage after exposure to Cr 2 O 3 NPs ( Figure 6D ) than control group ( Figure 6C ). Maximum level of DNA damage was recorded in L929 cells exposed to 100 μg/mL of Cr 2 O 3 NPs for 24 hours ( Figure 6 ).
Discussion
Metal nanoparticles are widely used in industry and medicine, but their applications have been limited because of significant toxicity and chronic secondary effects. It is the physiochemical properties of nanoparticles such as size, surface area, and structure that make them useful in nanomedicine. 19 Shi and Dalal 20 reported that chromium shows toxicity due to conversion of chromium(IV) to chromium(III) as a consequence of OH⋅ generation. Chromium(IV) crosses plasma membranes through ion channels. 
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Mechanistic investigation of toxicity of chromium oxide nanoparticles We observed a correlation between ROS generation and fall in GSH, suggesting that greater generation of ROS induced LPO with a simultaneous decline in glutathione to hunt those free radicals. Kang et al 22 reported that oxidative stress and LPO lead to apoptosis and DNA damage. During apoptosis, a chain of biochemical reactions occurs, inducing alteration of L929 cell shape and cell death.
Kroemer et al 23 reported some biomarkers to characterize apoptosis, including DNA fragmentation, cell membrane blebbing, condensation of chromosome, and shrinking and disintegration of organelles. In the present study, Hoechst 33342 (Thermo Fisher Scientific) staining of Cr 2 O 3 NPstreated L929 cells indicated nuclear fragmentation and condensation. Chen et al 24 reported that, because of their small size and shape, nanoparticles interact with DNA. DNA damage can either induce cell death or carcinogenesis, consequently disrupting normal cell functions. We found DNA-damaging effects of Cr 2 O 3 NPs in L929 cells by using the comet test, which identifies double-and single-strand breaks at minute damage of DNA. 25 This study indicates that use of manufactured Cr 2 O 3 NPs should be cautiously evaluated because of its hazardous effects on animals.
